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Terminology

In the context of public health, target product
profiles (TPPs) are planning tools used to

set research and development targets for
manufacturers and researchers to guide the
development of specific products. TPPs provide
more detailed information than preferred
product characteristics (PPCs) and include both
minimally acceptable and preferred performance
characteristics. The minimal performance
characteristics should be considered a “go or
no-go” decision point in the product development
process. Exceptions may be considered where
failure to meet a single minimal criterion is
outweighed by substantial improvements in other
critical areas.

By contrast, PPCs are designed to communicate
unmet public health needs identified by the
World Health Organization (WHO), stimulate
innovation and investment in the identified areas,
and communicate the desired performance

and operational characteristics of health
products to address those needs. The target
audience for PPCs typically includes product
developers including researchers, regulatory
agencies, procurement agencies, and funders
of research and development (R&D). PPCs are
usually developed before a mature pipeline
of products is available and should reflect the
ideal characteristics of interventions required
to achieve global health impact rapidly and
effectively.

For the purposes of this report, the following
definition was used for bloodstream infections
(BSIs): a positive blood culture demonstrating the
presence of microorganisms in the blood, often
in a patient exhibiting signs of systemic infection,
with contamination ruled out.



Introduction

Purpose and objectives of WHO
Target Product Profiles

World Health Organization (WHO) target product
profiles (TPPs) outline the desired characteristics
of new target products aimed at specific diseases.
They describe intended use, target populations
and other key product attributes, including
among others, safety, efficacy, pharmacokinetics,
route of administration, stability, and access

and affordability. TPPs also help frame the
development of health products in alignment with
global health needs and considering regulatory
requirements for research and development (R&D).

WHO TPPs for new antibacterials are
intended to inform researchers, product
developers, product development
partnerships, regulatory agencies,
procurement agencies and funders on
both R&D and public health priorities.
They are intended to facilitate the most
expeditious development of novel
antibiotics addressing the greatest and
most urgent public health needs posed by
antimicrobial resistance (AMR).

In the global health context, TPPs are developed
when there is a commitment to accelerated
product development and a need for rapid
guidance. They help set R&D targets and priorities
for funders and developers by defining desired
performance and operational characteristics of
potential new products.

The 2025 WHO TPPs for new
antibacterial agents

Building on the 2020 WHO TPPs for antibacterial
agents for use against enteric fever, gonorrhoea,
neonatal sepsis and urinary tract infections (7),
the organization has developed three additional
TPPs for novel antibiotics. This work includes

a scoping review and prioritization of globally
important clinical syndromes to be addressed by
novel antibiotics.

The objectives of 2025 WHO TPPs for antibacterial
agents are to:

+ align antibacterial product development
with the WHO bacterial priority pathogen list
(BPPL) (2), and resistance data (3) with R&D
priorities for novel antibacterials (4);

+ prioritize globally relevant syndromes with
high morbidity and mortality from the BPPL,
including community- and hospital-acquired
infections across age groups, health care
settings and geographical regions;

+ define quality, efficacy, safety and
pharmacokinetic (PK) targets that reflect
diverse patient populations, such as
immunosuppressed and critically ill patients,
neonates and children; and

+ promote partnerships with public and private
sector actors, to incentivize and de-risk
antibacterial R&D.

Translating public health priorities
into actionable antibacterial R&D
guidance

WHO TPPs for antibacterial agents complement
other efforts to guide antibacterial R&D, including
the WHO BPPL (2), and the periodic analysis

of the antibacterial clinical and preclinical
pipeline. The WHO BPPL identifies antibiotic-
resistant bacterial pathogens of global public
health concern based on burden, resistance and
transmission patterns, among other criteria (2).
Building on this prioritization, WHO TPPs define
the desired characteristics of new antibacterial
agents within selected clinical use cases. In
parallel, WHO clinical and preclinical pipeline
analyses (4) monitor progress by assessing
alignment of antibacterial candidates in
development with BPPL priorities and TPP-defined
needs, highlighting gaps for strategic R&D action
to developers to address the most pressing
public health challenges. Efforts to ensure a
robust R&D pipeline need to be matched with
plans for equitable access and appropriate use,
which should be considered early in the product



2 Target product profiles for new antibacterial agents

development process. This focus is essential for
achieving widespread public health benefits. Once
pipeline antibacterial agents are authorized and
introduced into clinical use, ongoing surveillance
of appropriate use through systems such as

the Global Antimicrobial Resistance and Use
Surveillance System (GLASS) (5) is essential to
monitor availability, uptake, and patterns of use
across settings (3) and other methodologies such
as point prevalence surveys (6).

WHO bacterial priority pathogen
list

The WHO BPPL prioritizes antibiotic-resistant
bacterial pathogens to guide R&D as well as AMR
prevention and control strategies. It is based on a
systematic, evidence-based framework to assess
transmission patterns and other public health
determinants of bacterial pathogens representing
the most urgent global public health needs (2).
Specifically, it includes bacterial pathogens

with the highest burden of disease, mortality,
transmission and resistance while considering
their impacts in low- and middle-income countries
(LMICs). By concentrating R&D advocacy on these
priority pathogens, stakeholders can ensure that
investment strategies are equitable, directed

to contexts where lives are most at risk, and

areas where existing treatments are failing. The
prioritization of bacterial pathogens in this way
underscores the urgency of aligning product
development pipelines with the most pressing
global health threats.

WHO clinical antibacterial pipeline
analysis

Through its antibacterial clinical and preclinical
agents pipeline analyses, WHO has consistently
demonstrated that the pace of R&D lags behind
the swift and steady evolution of bacteria, which
itself is driven by widespread antibacterial

use. The 2025 Analysis of antibacterial agents in
clinical and preclinical development (4) revealed
90 antibacterial agents in development,

with only 15 traditional antibacterial agents
classified as innovative (excluding agents
against Mycobacterium tuberculosis). Critically,
few clinical candidates target BPPL pathogens,
particularly metallo-B-lactamase-producing
Enterobacterales, stressing the need for agents
with novel mechanisms of action (MoA) (4).

In general, antibacterial agents in the clinical
pipeline combined with antibiotics approved in
the past seven years are insufficient to tackle

the emergence and spread of drug-resistant
infections. In an ongoing effort to strategically act
on AMR, global leaders emphasized that setting
sound targets will be key in addressing the crisis
in access and R&D of antibacterials (7) and called
for sustained funding and collaboration between
public and private sectors to drive innovation,
navigate these challenges and establish global
access to effective antibiotics (8).

Consideration for access,
affordability and appropriate use

The bacterial priority pathogens targeted in the
TPPs are often treated with intravenous, last-
resort Reserve antibiotics according to the WHO
Access, Watch and Reserve (AWaRe) classification,
which may not be available and affordable

in low-resource settings (4). New treatments

for multidrug-resistant (MDR) Gram-negative
bacteria, vancomycin-resistant enterococci (VRE),
and bacterial meningitis caused by drug-resistant
bacteria, will also mostly be Reserve antibiotics,
and are therefore likely to face access barriers
due to low sales volumes and high prices (9,70).

New antibiotics will likely require targeted efforts
to ensure equitable access, with pricing strategies
informed by health technology assessments and
burden of disease. To ensure early and equitable
access in high-risk populations, new agents
should be evaluated in these groups to assess
clinical relevance and enable regulatory approval.
The development of oral formulations for step-
down and outpatient treatments will help increase
access to the new agents, especially in settings
where intravenous administration is not feasible,
but also poses added challenges for stewardship
initiatives aiming to promote responsible use of
the new medicines.

Monitoring use and resistance development for
new antibiotics is needed to inform treatment
decisions and guidelines (70). Antimicrobial
stewardship guides the responsible introduction
of Reserve and broad-spectrum Watch antibiotics,
to ensure they are used appropriately in patients
who need them and avoid excessive use that may
accelerate development and spread of resistance.
Stewardship should be embedded into antibiotic
introduction plans through the implementation
of effective antimicrobial stewardship policies
and programmes, the education of health
workers supported by updated guidelines, and
timely access to affordable diagnostics, including
susceptibility testing. These efforts should be
reinforced by broader AMR strategies, such as



strengthening infection prevention and control,
water, sanitation and hygiene, and expanding
access to effective vaccines to reduce the overall
need for antibiotics (77).

Other considerations relevant for
all three TPPs

Early and targeted diagnostic testing in
individuals with suspected infections is important
to inform treatment decisions. Access to
affordable, rapid and low complexity diagnostics
alongside access to new treatments, promotes a
rapid identification of pathogens, and antibiotic
susceptibility testing allowing de-escalation and
directed therapy, thereby avoiding unnecessary
use of new last-resort agents. (70).

In addition to the targeted efficacy and safety
characteristics of the new antibiotics, evidence

is emerging on disruptions in the human
microbiome caused by antibiotic exposure, which
may have important health implications. Where
possible, antibiotics with minimal impact on the
microbiome should be favoured.

Scope

The TPPs focus on novel traditional antibacterial
agents suitable for monotherapy; although
combining the new agents with other antibiotics
or non-antibiotics (e.g. enzyme inhibitors or
other adjuvant therapies such as non-traditional
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antibacterial agents) may be considered in future
development.

The appropriate design of clinical trials leading to
market approval is beyond the scope of the TPPs
and will ultimately be determined by regulatory
agencies. It is essential that clinical trials include
the patient populations, pathogens and infectious
syndromes for which they are intended to be
used. Since the target populations of the TPPs are
often small, such as critically ill patients infected
with multidrug-resistant pathogens, pragmatic
and adaptive studies may have to be considered.

Patient population

The TPPs include some subpopulations of
patients that would benefit from novel antibiotics
and are often not eligible for participation in
clinical trials, such as immunosuppressed and
elderly individuals, children and neonates, as well
as patients with more complicated infections.
Other underrepresented patient populations (e.g.
pregnant and lactating women) should also be
considered in clinical development programmes
and subsequent investigator-led studies. This
aligns with ongoing efforts to promote timely
inclusion of underrepresented populations in
clinical trials and increasing alignment between
the infectious diseases research community

and regulators on accelerating the inclusion of
pregnant women in pre-licensure clinical trials,
with a goal to have PK and preliminary safety data
for all new anti-infectives in pregnancy available
at the time of medicine approval (12-17).
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Target product profile for therapy of severe infections caused by

multidrug-resistant Gram-negative bacteria

Focus: Novel antibiotics for bloodstream infections and hospital-acquired or ventilator-associated
bacterial pneumonia caused by cephalosporin- and carbapenem-resistant Enterobacterales, and
carbapenem-resistant Acinetobacter baumannii and Pseudomonas aeruginosa (Table 1).

Disease burden

In the WHO 2024 BPPL, Gram-negative bacteria
resistant to last-resort antibiotics are ranked
among the critical- and high-priority groups, and
include Escherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii and Pseudomonas
aeruginosa (2). These pathogens are associated
with high fatality in severe infections, such as
complicated urinary tract infections (UTIs) and
intra-abdominal infections (IAIs) associated

with BSIs and hospital-acquired or ventilator-
associated bacterial pneumonia (HABP/VABP),
particularly among critically ill patients in
intensive care units (ICUs) (718-20). In an analysis
of the burden of AMR, carbapenem-resistant
Gram-negative bacteria accounted for an
estimated 216 000 attributable deaths globally
in 2021 (18). In addition to mortality, MDR Gram-
negative infections are associated with increased
morbidity, prolonged hospital stays, and greater
demand for intensive care, all of which strain
health care systems and impact peoples' lives (20).

Antibiotic resistance

Multidrug resistance in Gram-negative bacteria
is increasing worldwide, although the prevalence
of resistance and mechanisms of resistance vary
across settings and geographical areas. Acquired
resistance mechanisms are often plasmid-
mediated and can spread efficiently through
horizontal transfer (21). In Enterobacterales,
resistance to B-lactam antibiotics is usually
mediated by B-lactamase production (27).
Extended-spectrum B-lactamases (ESBLs) and
carbapenemases are particularly concerning,

as these enzymes confer resistance to broad-
spectrum cephalosporins and carbapenems,
included in the WHO AWaRe “Reserve” group
(10,22). Carbapenem-resistant A. baumannii
(CRAB) frequently harbour a combination of
mechanisms, including B-lactamase production,
reduced drug permeability, efflux and target site
alterations (23). Similarly, carbapenem-resistant
P. aeruginosa (CRPA) often carry a combination of

chromosomal and acquired resistance genes that
result in porin alterations, increased efflux and
B-lactamase production (20,21,24).

Commercially available antibiotics

The main strategy to overcome enzymatic
B-lactam resistance is to use combinations of
a B-lactam (BL) antibiotic and a B-lactamase
inhibitor (BLI) (22,25,26). While traditional

BLIs, such as clavulanic acid, sulbactam

and tazobactam, inhibit some extended-
spectrum B-lactamases, they are ineffective
against carbapenemases (22-24). Novel BLIs
(e.g. avibactam and relebactam), are active
against class A and class D carbapenemases,
but not class B metallo-B-lactamases, which
are the most prevalent enzymes in some
settings (27). Since 2017, cefiderocol is the only
newly approved antibiotic with activity against
both third-generation cephalosporin-resistant
and carbapeneme-resistant Enterobacterales
(3GCRE and CRE), CRAB and CRPA (26). Resistance
is already emerging against the new BL/BLI
combinations and cefiderocol and their use is
constrained by high cost and limited registration
globally (25,28).

The WHO Global Antimicrobial Resistance
Surveillance System (GLASS) 2025 report shows
that third-generation cephalosporin resistance

in E. coli remains high globally at 44.8% (95% CI:
39.3-50.4), while K. pneumoniae displays an

even higher global resistance of 55.2% (95% CI:
48.5-61.7). Regional variation is substantial:

the African Region reports the highest levels,
exceeding 70% for both pathogens (e.qg. E. coli
70.7%, 95% CI: 62.3-78.0), whereas the European
Region presents the lowest estimates (e.qg. E. coli
19.9%, 90% CI: 15.9-24.7). Acinetobacter spp. show
very high global carbapenem resistance, with
imipenem resistance estimated at 54.3% (95% CI:
49.3-59.2). The Eastern Mediterranean Region
reports the highest burden at 66.5% (95% CI:
58.1-73.9) (3).
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Pipeline antibiotics

According to the 2025 Analysis of antibacterial
agents in clinical and preclinical development (4),
Gram-negative bacterial priority pathogens
remain substantially underserved, with only

five innovative agents against any of the WHO-
designated critical Gram-negative pathogens:
cefepime + taniborbactam, ceftibuten +
ledaborbactam, OMNS, zifanocycline and
BWC0977. Two of these are BL/BLI combinations,
pairing a pre-existing B-lactam with a boronate
BLI. Antibacterial pipeline diversity and innovation
remain narrow: OMNEG is an insect host defence
peptide targeting A. baumannii; BWC0977 is a
novel pyrazino-oxazinone bacterial topoisomerase
inhibitor with in vitro and in vivo activity against
CRAB, CRE and CRPA; and zifanocycline is a next-
generation tetracycline active against CRAB and
Gram-positive multidrug-resistant pathogens
including Enterococcus faecium and Staphylococcus
aureus (4).

Overview of the TPP

This TPP is intended to guide the clinical
development of new antibiotics for the treatment
of severe infections caused by MDR Gram-
negative bacteria, including complicated UTIs
and IAIs associated with BSIs and HABP/VABP. To
avoid overlap with the existing TPP on neonatal
sepsis (1), which also covers older children

with infections caused by MDR Gram-negative
bacteria, the present TPP does not focus on
paediatric patients.

Spectrum of activity

The new treatment should ideally cover 3GCRE,
CRE, CRAB and CRPA. A new agent with activity
against only some MDR Gram-negative bacteria

would also be valuable for targeted therapy, or

as part of combination therapy in high-resistance
settings. Activity against more susceptible strains
of these species, and other Gram-negative
pathogens, would enable the medicine to be used
as empirical treatment (29). The development of
innovative antibacterial agents for 3GCRE and
CRE should be prioritized, as these organisms
represent a large disease burden. There is a

need for agents addressing class D B-lactamases,
which predominantly contribute to carbapenem
resistance in CRAB and are increasingly reported
in Enterobacterales. Despite the advent of new
antibiotics with activity against CRPA, investment
in R&D for innovative antibacterial agents against
these pathogens should continue to address their
considerable burden of disease.

Key pharmacokinetic and
pharmacodynamic features

The new treatment should lead to rapid clinical
response (e.g. defervescence and resolution of
symptoms) and microbiological response (e.g.
negative cultures from blood and the site of
infection). Excellent lung penetration is essential
for a new drug targeting HABP/VABP. Intravenous
administration is required for use in critically ill
patients. Oral formulations would be used for
step-down targeted therapy, and in outpatient
settings where alternative options are limited.

An intravenous antibiotic with once daily or less
frequent dosing could be a feasible alternative
for outpatient treatment, provided there are no
associated safety concerns. Bioavailability and
stability in the gastrointestinal tract are important
considerations for the oral formulation. While the
TPP focuses on systemic antibiotic treatments,
inhaled antibiotics for HABP/VABP can be
considered in future development.

Table 1. TPP for therapy of severe infections caused by MDR Gram-negative bacteria

Minimal TPP Preferred TPP

Indication for use

Severe infections, including

All criteria in the minimal TPP,

complicated UTIs and IAIs associated including HABP/VABP.
with BSIs, caused by prioritized MDR
Gram-negative bacteria: 3GCRE, CRE,

CRAB and/or CRPA.

Target population

Hospitalized patients with severe

Same as minimal TPP.

community- or hospital-acquired
infection, including critically ill

patients treated in ICUs.
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Table 1. TPP for therapy of severe infections caused by MDR Gram-negative bacteria

(cont'd)

Minimal TPP Preferred TPP

Mechanism of
action (MoA)

Any MoA is acceptable.

Novel or differentiated MoA
compared to existing antibiotics.

Safety

Adverse events are reversible and
can be monitored in the targeted
patient population.

Same as minimal TPP, plus no
need for routine therapeutic drug
monitoring.

In vitro activity

Activity against prioritized MDR
Gram-negative pathogens: 3GCRE,
CRE, CRAB and CRPA. Low propensity
for resistance development and
selection.

Same as minimal TPP, plus
activity against isolates with
acquired resistance to new BL/BLI
combinations and cefiderocol.

Efficacy

Proven clinical efficacy through
randomized clinical trials in patients
with Gram-negative infections,
including patients with BSIs and
infections caused by MDR pathogens.

Same criteria as minimal TPP, with
demonstrated efficacy for HABP/
VABP.

Pharmacokinetics

PK data available to support use in
adult patients with severe Gram-
negative infections, and optimized
dosing for PK/pharmacodynamic
(PD) target attainment in critically
ill patients. Adequate medicine
concentrations in plasma and
infected tissue.

Same as minimal TPP, for HABP/VABP.
Adequate medicine concentrations in
epithelial lining fluid with standard or
adapted dosing.

Dose regimen

1-4 times daily dosing.

1-2 times daily dosing.

Formulation/
presentation

Formulation for intravenous
administration.

Formulations for intravenous and
oral administration.

Route of
administration

Intravenous injection or infusion.

Intravenous and oral.

Co-administration

Manageable interactions with
medicines commonly used in
hospitalized patients and in the ICU
setting.

No interactions with drugs
commonly used in hospitalized
patients and in the ICU setting.

Product stability
and storage

Heat-stable, two-year shelf life in
hot tropical/humid climate (30°C
and 65% relative humidity). Need for
refrigeration (4°C) is acceptable.

Same as minimal TPP except no need
for refrigeration.

Access and
affordability

Dose, regimen, cost of goods and
health system delivery costs should
enable affordable supply and
delivery and should not be a barrier
to access in LMICs.

Analyses of the cost-effectiveness,
affordability and acceptability
from an LMIC perspective should
be conducted. See section:
Consideration for access,
affordability and appropriate use.

Note: Minimal profile reflects the essential requirements for development, while the preferred profile outlines
the ideal characteristics for broader impact and clinical utility.
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Focus: Novel antibiotics for severe infections, including bloodstream infections, caused by vancomycin-
resistant enterococci (VRE), including vancomycin-resistant E. faecium (VREF) (Tables 2 and 3).

Immunosuppressed and critically ill patients

face increased risk of severe bacterial infections.
BSIs are among the leading complications in
ICUs, occurring in 5-7% of ICU admissions

(6 to 10 episodes per 1000 patient days)

(30,31), contributing to morbidity and 250 000
deaths annually in North America and the
European Region alone (32,33). Gram-positive
bacteria, including the WHO high priority
pathogens vancomycin-resistant E. faecium
(VREF) and metbhicillin-resistant S. aureus

(MRSA), and coagulase-negative staphylococci,
are increasingly prevalent BSI pathogens,
particularly in hospital-acquired infections (34,35).
Enterococcal BSIs, especially when caused by
vancomycin-resistant strains, are associated

with high (25% to 50%) fatality notably higher in
immunosuppressed patients, such as patients
with haematologic malignancies undergoing stem
cell transplantation or organ transplant recipients
(36-41). MRSA BSI is associated with prolonged
hospital stay and approximately two-fold higher
mortality compared to BSI caused by methicillin-
susceptible S. aureus (MSSA) (42).

Resistance to glycopeptide antibiotics (e.g.
vancomycin and teicoplanin) in Enterococcus
spp. involves modification of the peptidoglycan
synthesis pathway, leading to reduced binding
affinity to the glycopeptide target sites (43). This
resistance mechanism is inducible and most
pronounced in VanA and VanB phenotypes,
which typically exhibit vancomycin minimum
inhibitory concentrations (MICs) ranging from
64 to >1000 pg/L, with notable geographic
variability (44). Most vancomycin-resistant
enterococci (VRE) exhibit cross-resistance

to B-lactams and aminoglycosides, which
significantly limits treatment options. While a
few WHO AWaRe “reserve” antibiotics, such as
linezolid and daptomycin, remain available,
emerging resistance to these last-resort
antibiotics has been reported (70,45,46).

The WHO GLASS 2025 report highlights that
MRSA remains a problem, with a global level of
resistance in bloodstream infections of 27.1%
(95% confidence interval (CI):23.5-31.0), highest
in the Eastern Mediterranean Region at 50.3%
(95% CI: 39.8-60.8) (3,47). This trend underscores
the vulnerability of high-risk patients, especially
in LMICs, where surveillance and diagnostic
capacities are limited (3).

Treatment of resistant Gram-positive cocci in
immunocompromised and critically ill patients

is challenged by drug toxicity and tolerability,
interactions with other medicines, and biofilm
formation (48). Among last-resort therapies for
VRE, the essential Reserve antibiotic linezolid is
hampered by interactions with other medicines
(e.g. anti-depressants) and drug-induced
myelosuppression, which has been reported in
up to 50% of patients undergoing prolonged
treatments (49) and is of particular concern

in patients receiving anti-cancer therapy.

The Reserve antibiotic daptomycin has been
associated with acute eosinophilic pneumonia (50)
and is not approved for pulmonary infections
because it is inactivated by lung surfactant
resulting in subtherapeutic medicine
concentrations in the epithelial lining fluid (57).
Daptomycin is approved for VRE infections by the
US Food and Drug Administration (US FDA) but is
not authorized for enterococcal infections by the
European Medicines Agency (EMA) (52).

Limited treatment options for severe Gram-
positive infections in immunosuppressed and
critically ill patients underscores the urgent
need for novel agents with activity against drug-
resistant pathogens, good tolerability, and
minimal drug-drug interactions. Alarmingly, the
2025 WHO antibacterial pipeline analysis has
underscored that only two traditional agents in
the current pipeline, zifanocycline (KBP-7072)
and BWC0977, report activity against both VRE
and MRSA (4). Both agents remain in early clinical
trial phase (Phase 1); typically, advancement

to Phase 3 could take about 6 to 10 years (4).
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This TPP is intended to guide the clinical
development of new antibiotics for severe Gram-
positive infections, including BSIs and with a
special focus on vancomycin-resistant E. faecium,
in immunosuppressed and critically ill patients. In
addition to the development of new antibiotics for
adult patients, parallel or subsequent paediatric
development is necessary. This includes
implementation of an extrapolation plan for
safety and efficacy, and considerations for oral
formulations and dosing.

The new antibiotic should cover VRE, including
vancomycin-resistant E. faecium. Ideally, the
novel agent should also be active against other
antibiotic-resistant Gram-positive bacteria that
cause severe infections and BSIs in the targeted
patient populations, such as MRSA, methicillin-
resistant coagulase-negative staphylococci and
retain efficacy against more susceptible strains
of these bacterial species. The preferred TPP
includes activity against strains with acquired
resistance to alternative last-resort treatments
(i.e. linezolid- and daptomycin-resistant
enterococci). A narrow-spectrum antibiotic

with activity only against some Gram-positive
pathogens could be used for targeted therapy, or
as part of combination therapy in high-resistance
settings.

The new antibiotic should have a PK profile
suitable for BSIs and other severe infections
caused by enterococci, such as complicated

UTIs, IAIs and bone and joint infections. A new
antibiotic targeting intravascular catheter-related
infections or prosthetic valve endocarditis should
be active against pathogens in biofilm. Treatment
with the new antibiotics should lead to rapid
clinical (e.g. defervescence and resolution of
symptoms) and microbiological response (e.g.
negative cultures from blood and the site of
infection). Intravenous administration is required
for use in critically ill patients. Oral formulations
would be used for step-down targeted therapy
and in outpatient settings where alternative
options are limited. An intravenous antibiotic
with once daily or less frequent dosing could be
a feasible alternative for outpatient treatment,
provided there are no associated safety concerns.
Bioavailability and stability in the gastrointestinal
tract are important considerations for the oral
formulation. While the TPP focuses on systemic
antibiotic treatments, topical administration -
such as local administration of antibiotics for
intravascular catheter-related infections - can be
considered in the future development.



Indication for use

Severe infections, including BSIs, in
immunosuppressed and critically
ill patients, caused by antibiotic-
resistant Gram-positive bacteria.

WHO TPPs for new antibacterial agents

All criteria in the minimal TPP, plus
more complicated infections, such
as intravascular catheter-related
infections and native or prosthetic
valve endocarditis.

Target population

Hospitalized patients with
immunosuppression and severe
community- or hospital-acquired
infections, including critically ill
patients treated in ICUs.

Same as minimal TPP.

Mechanism of
action (MoA)

Any MoA is acceptable.

Novel or differentiated MoA
compared to existing antibiotics.

Safety

Adverse events are reversible and
can be monitored in the targeted
patient population.

Same as minimal TPP, plus no
need for routine therapeutic drug
monitoring.

In vitro activity

Activity against VRE, including
vancomycin-resistant E. faecium,
ideally also MRSA and methicillin-
resistant coagulase-negative
staphylococci. Low propensity
for resistance development and
selection.

Same as minimal TPP, and activity
against strains with acquired
resistance to linezolid and
daptomycin.

Efficacy

Proven clinical efficacy in randomized
controlled trials for severe Gram-
positive infections, including patients
with BSIs, immunosuppression, and/
or infections caused by pathogens
resistant to vancomycin and/or
B-lactams.

Same criteria as minimal TPP and
with demonstrated efficacy for more
complicated infections.

Pharmacokinetics

PK data available to support use in
severe Gram-positive infections in
immunosuppressed patients, and
optimized dosing for PK/PD target
attainment in critically ill patients.
Adequate medicine concentrations in
plasma and in tissue of infection site.

Same criteria as minimal TPP, for
more complicated infections.

Dose regimen

1-4 times daily dosing.

1-2 times daily dosing.

Formulation/
presentation

Formulation for intravenous
administration.

Formulations for intravenous and
oral administration.

Route of
administration

Intravenous injection or infusion.

Intravenous and oral.

Co-administration

Manageable interactions with
medicines commonly used in
hospitalized immunosuppressed
patients and in the ICU setting.

No interactions with medicines
commonly used in hospitalized
immunosuppressed patients and in
the ICU setting.
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Table 2. TPP for therapy of antibiotic-resistant Gram-positive infections in

immunosuppressed and critically ill patients (cont'd)

Minimal TPP Preferred TPP

Product stability
and storage

Heat-stable, two-year shelf life in
hot tropical/humid climate (30°C
and 65% relative humidity). Need for
refrigeration (4°C) is acceptable.

Same as minimal TPP except no need
for refrigeration.

Access and
affordability

Dose, regimen, cost of goods and
health system delivery costs should
enable affordable supply and
delivery and should not be a barrier
to access in LMICs.

Analyses of the cost-effectiveness,
affordability and acceptability
from an LMIC perspective should
be conducted. See section:
Consideration for access,
affordability and appropriate use.

Note: Minimal profile reflects the essential requirements for development, while the preferred profile outlines
the ideal characteristics for broader impact and clinical utility.

Table 3. Special considerations for children

Minimal TPP Preferred TPP

Target population

Children (2-16 years old).

Neonates and infants (0-2 years old,
including those born prematurely).

Efficacy and safety When the course of infection is

similar between children and adults
and the product belongs to a well-
established class of antibiotics,
extrapolation of efficacy and safety
should be applied in consultation
with regulators. For first in class
compounds, a risk-based approach
should be considered. When the
course of infection is different, safety
and efficacy should be compared to
standard of care in a randomized
controlled trial.

Same as minimal TPP.

Pharmacokinetics

PK data available to support use in
the target patient population.

Same as minimal TPP.

Formulation/
presentation

Formulation for intravenous
administration.

Formulations for intravenous

and oral administration. Oral
formulations suitable for children,
infants and neonates, e.g.
functionally scored dispersible
tablets and orodispersible multi-
particulates (minitablets or sprinkles)
or taste-masked suspensions.

Dose regimen

Weight-based dosing.

Weight-banded or age-banded
dosing.
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Target product profile for therapy of community-acquired and health

care-associated bacterial meningitis

Focus: Novel antibiotics for community-acquired meningitis caused by penicillin- and cephalosporin-
resistant bacteria, and health care-associated (e.g., neurosurgical) meningitis, caused by
multidrug-resistant Gram-negative bacteria and methicillin-resistant S. aureus (Tables 4 and 5).

Disease burden

Community-acquired bacterial meningitis is
associated with high fatality and morbidity, with
approximately one in six cases resulting in death
and one in five individuals experiencing long-
term disabilities, such as hearing loss, epilepsy or
cognitive deficits (53,54). The majority of deaths
from community-acquired bacterial meningitis
are caused by Streptococcus pneumoniae
(pneumococcus), Neisseria meningitidis
(meningococcus), Haemophilus influenzae, or
Streptococcus agalactiae (group B streptococcus,
GBS). Among all-age bacterial meningitis deaths
in the 2019 Global Burden of Disease Study,

S. pneumoniae accounted for up to 18.8% of
deaths, with a case fatality rate of up to 50% (54).
Among the neonatal population, E. coli and
group B streptococcus are major contributors

to bacterial meningitis, with E. coli emerging

as the leading cause of death among preterm
neonates (55-59). Despite recent improvements
in patient management and prevention, including
the introduction of vaccines (60), adjunctive
dexamethasone therapy (67), and increased
availability of antibiotics (62), the disease burden
remains high, particularly in low-resource settings
(63,64).

Health care-associated bacterial meningitis
typically occurs following head trauma or
neurological procedures, such as open surgery,
ventricular drainage or insertion of cerebrospinal
fluid (CSF) shunt systems. These infections are
frequently caused by Gram-negative bacteria,
including MDR Enterobacterales, A. baumannii and
P. aeruginosa, and staphylococci, including MRSA.
In the United States, the incidence of bacterial
meningitis caused by nosocomial pathogens (i.e.
Gram-negative bacteria and S. aureus), has been
reported to be similar to that of meningococcus.
Health care-associated bacterial meningitis is
associated with high fatality and morbidity and
often requires repeated surgical procedures and
prolonged hospitalization. For example, 15%-29%
mortality rates have been reported for Gram-
negative post-neurosurgical meningitis (65,66).

Antibiotic resistance

Antibiotic resistance in bacterial meningitis

is an emerging medical threat, with varying
epidemiology across settings and geographical
regions (65). Empirical antibiotic treatment for
community-acquired meningitis (i.e. intravenous
third-generation cephalosporins), is challenged
by increasing resistance in first-choice treatments
resistance development in S. pneumoniae, one

of the major drivers of community-acquired
meningitis. Cephalosporin resistance rates have
been reported to be around 18% in some Asian
countries (66) and around 32% in children aged 0
to 5 years in Latin America and the Caribbean (67).
Cephalosporin resistance in pneumococci is
typically caused by mutations in the drug target
reducing the affinity for penicillin-binding
proteins, such as PBP2X and PBP1A. Empirical
treatment for health care-associated bacterial
meningitis (i.e. intravenous third-generation
cephalosporin or carbapenem and vancomycin),
is challenged by the increased prevalence of
MDR Gram-negative bacteria, including 3GCRE,
CRE, CRAB and CRPA, and MRSA with reduced
susceptibility (MIC 2 mg/L) (65,68,69).

Commercially available antibiotics

Treatment for bacterial meningitis is complicated
by the limited penetration of the blood-brain
barrier by many available antibiotics. Empiric
treatment for acute community-acquired
bacterial meningitis, in both paediatric and adult
populations, includes intravenous broad spectrum
ceftriaxone or cefotaxime (69). In patients with risk
factors for Listeria monocytogenes, combination
therapy including intravenous ampicillin or
amoxicillin is recommended (69), and the addition
of intravenous vancomycin is advised in settings
with high rates of penicillin- and third-generation
cephalosporin-resistant S. pneumoniae (69). For
health care-associated bacterial meningitis,

a combination of an intravenous broad-
spectrum cephalosporin (or carbapenem such as
meropenem) and vancomycin is typically used.
Clinical and PK data are still sparse for antibiotics
that demonstrate in vitro activity against
carbapenem-resistant Gram-negative bacteria,
including new BL/BLIs and cefiderocol (70).



Pipeline antibiotics

Emerging but limited evidence from case reports,
PK/therapeutic drug monitoring studies and
animal models supports the use of newer BL/BLI
agents in treating Gram-negative central nervous
system (CNS) infections, although no dedicated
clinical trials have been conducted. Studies of
ceftazidime + avibactam have suggested CSF
penetration (most recently measured in paediatric
post-neurosurgical meningitis) and successful
clinical outcomes in post-neurosurgical meningitis
cases (71,72). Cefiderocol has shown enhanced
CSF penetration in a rat meningitis model (three-
fold higher penetration in inflamed meninges),
and several human CNS infection case series
report measurable CSF concentrations and
favourable outcomes, although dosing remains
variable (73). Despite encouraging case-based

and preclinical data, no Phase 2 or 3 clinical

trials are currently evaluating these agents for
meningitis, and their use remains off-label and
investigational, underscoring the need for formal
studies to guide dosing, safety and efficacy in CNS
infections.

Overview of the TPP

This TPP is intended to guide the clinical
development of new antibiotics for the treatment
of bacterial meningitis. In addition to the
development of new antibiotics for adult patients,
parallel or subsequent paediatric development

is encouraged. This includes implementation of
an extrapolation plan for safety and efficacy, and
considerations for oral formulations and dosing.
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Spectrum of activity

A novel antibiotic for community-acquired
bacterial meningitis should cover pathogens
commonly causing these infections, including
strains with acquired resistance to currently
recommended empirical treatment. This would
ideally include both Gram-positive bacteria (e.qg.
S. pneumoniae and group B streptococcus) and
Gram-negative bacteria (e.g. N. meningitidis, and
H. influenzae). A new antibiotic targeting health
care-associated bacterial meningitis should ideally
cover WHO priority Gram-negative bacteria,
including 3GCRE, CRE, CRAB and CRPA, and
staphylococci, including MRSA.

Key pharmacokinetic and
pharmacodynamic features

The new antibiotics should have a PK profile
suitable for meningitis (i.e. have sufficient

CNS penetration to achieve therapeutic drug
exposures at the infection site), and lead to rapid
clinical (e.g. defervescence and resolution of
symptoms) and microbiological response (e.g.
negative CSF cultures). A new antibiotic targeting
CSF shunt infections, a serious complication of
neurosurgical CSF procedures, should be active
against biofilms. Intravenous administration

is required for use in critically ill patients. Oral
formulations could be used for non-critically

ill patients or as targeted step-down therapy,
provided that the new antibiotic has the PK
properties to generate reliable therapeutic

drug exposures. Bioavailability and stability

in the gastrointestinal tract are important
considerations for the oral formulation. While the
TPP focuses on systemic antibiotic treatments,
topical administration, such as intraventricular
administration, can be considered in the future
development.
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Table 4. TPP for therapy of community-acquired and health care-associated bacterial
meningitis

Minimal TPP Preferred TPP

Indication for use  Patients with bacterial meningitis, All criteria included in the minimal
where resistance to the current TPP, plus infections caused by
standard antibiotic treatment is multidrug-resistant pathogens, for
suspected or proven. which there is currently no optimal

treatment.

Target population  Hospitalized patients with: 1) Same criteria as minimal TPP.

community-acquired, or 2) health
care-associated bacterial meningitis,
including patients treated in ICUs.

Mechanism of Any MoA is acceptable. Novel or differentiated MoA

action compared to existing antibiotics.

Safety Adverse events are reversible and Same as minimal TPP, plus no
can be monitored in the targeted need for routine therapeutic drug
patient population. monitoring.

In vitro activity Antibiotics for community-acquired Antibiotics for community-acquired

bacterial meningitis: Activity against  bacterial meningitis: Same as minimal
pathogens commonly causing these TPP.
infections with acquired resistance

to current standard treatment, Antibiotics for health care-associated
including pneumococci resistantto  bacterial meningitis: The same criteria
third-generation cephalosporins. as minimal TPP, plus activity against

strains with acquired resistance to
Antibiotics for health care-associated  current last-resort antibiotics, such
bacterial meningitis: Activity against  as Gram-negative bacteria resistant

Gram-negative bacteria with to newer BL/BLIs and cefiderocol,
acquired resistance to current and/or staphylococci, including
standard treatment (including MRSA, resistant to glycopeptide
CRE, CRAB and CRPA), and/or antibiotics.

staphylococci (including MRSA).

For both sought indications:
Low propensity for resistance
development and selection.

Efficacy Proven clinical efficacy in randomized Same as minimal TPP.
clinical trials including patients
with bacterial meningitis caused
by pathogens resistant to standard
treatment (see above).

Pharmacokinetics PK data available demonstrating Same as minimal TPP.
good central nervous system (CNS)
penetration to support use in
patients with bacterial meningitis.

Route of Intravenous injection or infusion. Intravenous and oral.
administration

Formulation/ Formulation for intravenous Formulations for intravenous and
presentation administration. oral administration.

Dose regimen 1-4 times daily dosing. 1-2 times daily dosing.
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Table 4. TPP for therapy of community-acquired and health care-associated bacterial
meningitis (cont'd)

Minimal TPP Preferred TPP

Co-administration Manageable interactions with No interactions with medicines
medicines commonly used in commonly used in hospitalized
hospitalized patients and in the ICU  patients and in the ICU setting.
setting.

Product stability Heat-stable, two-year shelf life in Same as minimal TPP except no

and storage hot tropical/humid climate (30°C refrigeration needed.

and 65% relative humidity). Need for
refrigeration (4°C) is acceptable.

Access and Dose, regimen, cost of goods and Analyses of the cost-effectiveness,
affordability health system delivery costs should  affordability and acceptability
enable affordable supply and from an LMIC perspective should
delivery and should not be a barrier be conducted. See section:
to access in LMIC settings. Consideration for access,

affordability and appropriate use.

Note: Minimal profile reflects the essential requirements for development, while the preferred profile outlines
the ideal characteristics for broader impact and clinical utility.

Table 5. Special considerations for children

Minimal TPP Preferred TPP

Target population  Children (2-16 years old). Neonates and infants (0-2 years old,
including those born prematurely).

Efficacy and safety When the course of infection is Same as minimal TPP.
similar between children and adults
and the product belongs to a well-
established class of antibiotics,
extrapolation of efficacy and safety
should be applied in consultation
with regulators. For first in class
compounds, a risk-based approach
should be considered. When the
course of infection is different, safety
and efficacy should be compared to
standard of care in a randomized
controlled trial.

Pharmacokinetics PK data available to support use in Same as minimal TPP.
the target patient population.

Formulation/ Formulation for intravenous Formulations for intravenous,

presentation administration. intramuscular and oral
administration. Oral formulations
suitable for children, infants and
neonates (e.g. functionally scored
dispersible tablets and orodispersible
multi-particulates (minitablets
or sprinkles) or taste-masked
suspensions).

Dose regimen Weight-based dosing. Weight-banded or age-banded
dosing.
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Annex 1. Overview of TPP development process

To prioritize the clinical syndromes for three
new global health target product profiles (TPPs),
a modified Delphi approach (7) was chosen
while following the standardized WHO TPP
development process, a methodology that
comprises eight main steps (see Fig. A1).

Step 1. Identification of the need
for TPPs

The WHO Secretariat started to determine if

a WHO TPP or PPC were needed according to
the most urgent unmet public health need. The
decision to develop TPPs rather than preferred
product characteristics (PPCs) was driven by

the maturity of the evidence base, the urgency
of the public health need, and the strategic
objective of providing clear, actionable guidance

Fig. A1. Outline of TPP development process

@ Consult

+ Post draft 0.1 for 28 days %

@ Convene group

+ Convene steering group

+ Convene TPP
development group

=

to developers. The Secretariat was guided by the
Director-General's report to the 78th World Health
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Fig. A2. WHO bacterial priority pathogen list, 2024
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Step 2. Definition of scope and
purpose

The TPPs were scoped to target bacterial
pathogens listed in the 2024 WHO BPPL (3).

Two survey rounds and expert group meetings
informed the prioritization of clinical syndromes.
Criteria for prioritization included unmet medical
needs across any of the six WHO regions, and
scarcity of novel products to meet these medical
needs in the antibacterial R&D pipeline. The WHO
Secretariat also explored the need to stimulate
innovation in less common indications such as
typhoid and sexually transmitted infections,
extending the scope beyond typical targets such
as complicated urinary tract infections (cUTIs),
community-acquired bacterial pneumonia (CABP)
and acute bacterial skin and skin structure
infections (ABSSSIs). Conditions outside those
given by pathogens on the BPPL and those under
the remit of other WHO departments, such as
rifampicin-resistant tuberculosis (RR-TB), were
excluded from scope.

Step 3. Convene steering and TPP
development group

A WHO TPP Steering Group, supported by

the WHO Secretariat, was established with a
designated WHO technical officer to guide the
process. The WHO TPP Development Group,
drawing on the expertise of the WHO Advisory
Group on R&D for Novel Antibacterials, ensured
alignment with WHO mandates and oversaw
prioritization, development and revision of the
TPPs.

Following the prioritization phase, relevant staff
from other WHO departments and programmes
were integrated into the TPP Development Group
including staff from the World Health Emergency
Programme, the Maternal, Child and Adolescent
Health Department, the Office of the Chief
Scientist, HIV Department, Noncommunicable
Disease Department, among others.

Step 4. Development of the TPPs

The WHO TPP Steering Group prepared the initial
draft of the TPP (Version 0). This draft was refined
into Version 0.1 after subsequent revisions

from members of the Steering Group. Version

0.1 was then shared with the TPP Development
Group. The three draft TPPs were developed with
improved clarity and alignment with the intended
objectives. This version included a comprehensive

background section covering: disease burden;
antibiotic resistance; available treatment options;
therapies in development; the purpose of the TPP;
considerations for access and affordability; and
special consideration for paediatric development.
Key product characteristics were outlined in a
structured table format, detailing both minimal
and preferred requirements. These characteristics
included: indication for use; target population;
mechanism of action; access and affordability;
safety; in vitro activity; clinical efficacy;
formulation and presentation; dosing regimen;
route of administration; product stability and
storage; pharmacokinetics; and consideration for
co-administration.

Step 5: Invitation for public
comments

On 13 August 2025, the draft TPPs were published
online with an invitation for public comment until
7 September 2025, in line with WHO guidance
requiring a minimum 14-day consultation period.
A digital form was made available on a WHO-
secure platform to facilitate structured feedback.
All submissions were collated, reviewed, and
analysed by the WHO TPP Steering Group. Key
issues were then discussed in the third and final
meeting with the TPP Development Group, held
on 22 September 2025.

Step 6. Finalization of the TPP

Following review of public comments and TPP
Development Group feedback, revised drafts were
finalized as Version 1.0. The TPP Development
Group endorsed the final content, and the

WHO Secretariat ensured alignment with WHO
standards for publication and dissemination.

Step 7. Publication of the TPP

The final target product profiles and meeting
report is being published on the WHO website as
official guidance. The TPPs will be also published
on the WHO TPP directory (https://www.who.int/
tools/target-product-profile-database).

Step 8. Dissemination of TPPs

To ensure broad accessibility and visibility, the
finalized TPPs were submitted to the WHO TPP
directory (see above) and widely disseminated,
particularly among stakeholders involved


https://www.who.int/tools/target-product-profile-database
https://www.who.int/tools/target-product-profile-database

in WHO policy development. Dissemination
efforts were stakeholder-focused and included
activities such as an official WHO press release,
scientific conference presentations and webinars.
Additionally, publication in a peer-reviewed
journal was considered to further enhance
visibility and accelerate uptake among relevant
stakeholder groups.

Next steps: recommendation for
future TPP and timeframe

During the TPPs development process, the

WHO Technical Advisory Group on the Research
and Development of Antibacterial Agents
recommended updating the TPP on the treatment
of neonatal sepsis, including its expansion

to address sepsis in older children. They also
recommended an update to the TPP for the
treatment of bacterial gastroenteritis caused

by drug-resistant Salmonella spp. including also
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drug-resistant Shigella spp. The WHO TPPs should
be updated every 5 years.
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procedures.
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After having consulted the WHO Compliance, Risk
Management and Ethics Office, Lloyd Czaplewski
was invited as an observer. He disclosed that

he provided consultancies to Clarametyx, Novo
Repair Impact Fund, Novo Holdings, and Curza.
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antibacterial therapies.

The following participants were invited as
observers: no Dol was formally reviewed and
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WHO rules of procedures governing Advisory
Group meetings: Richard Alm, Radu Botgros,
Vanessa Carter, Teresa Chavarria-Gimenez, Erin
Duffy, Frangois Franceschi, Inmaculada Navarro
Perez, Seamus O'Brien, Lesley Ogilvie and Raquel
Rodriguez.

All reported interests were disclosed to the
meeting participants by the WHO technical unit in
a slide show presentation. The interests disclosed
in this report will also be disclosed in subsequent
relevant publications.
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